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(57) ABSTRACT

Examples of the present invention are directed to a method
and system of recognizing a driving pattern of a vehicle.
Driver mput controlling the vehicle can be received and
stored 1n association with various sensor mformation (e.g.,
GPS location, camera data, radar data, etc.) and a timestamp.
Then, driving patterns can be recognized from the stored
information. For example, preferred routes, destinations,
driving speeds, driving styles, etc. can be recognized. The
driving patterns can be used by automated driving or driving
assistance systems to automatically drive on preferred routes
or to preferred destinations.
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SYSTEM AND METHOD FOR DRIVER
PATTERN RECOGNITION,
IDENTIFICATION, AND PREDICTION

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 62/289,084, filed on Jan. 29, 2016,

the entire disclosure of which 1s 1corporated herein by
reference 1n 1ts entirety for all mntended purposes.

FIELD OF THE DISCLOSURE

This relates generally to system and method for recog-
nizing and predicting driver patterns.

BACKGROUND OF THE DISCLOSURE

Modern vehicles, especially automobiles, increasingly
provide automated driving and driving assistance systems
such as blind spot monitors, automatic parking, and auto-
matic navigation. However, automated driving systems rely
only on a driver’s environment without taking into account
driving history.

SUMMARY OF THE DISCLOSURE

Examples of the disclosure are directed to a method and
system of recognizing a driving pattern of a vehicle. Drniver
input controlling the vehicle can be received and stored 1n
association with various sensor mnformation (e.g., GPS loca-
tion, camera data, radar data, etc.) and accompanying time-
stamp information. By processing the stored information,
driving patterns can be recognized from diflerent respects.
For example, preferred routes, destinations, driving speeds,
driving styles, etc. can be recognized. Later, the drniving
patterns can be used by automated driving or driving assis-
tance systems to automatically drive on preferred routes or
to preferred destinations, etc. Further, in some examples,
notifications can be triggered based on the driving patterns
(e.g., to remind a driver when a favorite coflee shop 1s
nearby).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an exemplary method of recognizing a
driving pattern of a vehicle according to examples of the
disclosure.

FIG. 2 illustrates an exemplary notification according to
examples of the disclosure.

FIG. 3 illustrates an exemplary method of recognizing a
driving pattern of a vehicle according to examples of the
disclosure.

FIG. 4 1illustrates a system block diagram according to
examples of the disclosure.

DETAILED DESCRIPTION

In the following description of examples, reference 1s
made to the accompanying drawings which form a part
hereof, and 1n which 1t 1s shown by way of illustration
specific examples that can be practiced. It 1s to be under-
stood that other examples can be used and structural changes
can be made without departing from the scope of the
disclosed examples.
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FIG. 1 illustrates an exemplary process of recognizing a
driving pattern of a vehicle according to examples of the
disclosure. The process 1llustrated in FIG. 1 can be realized
by using one or more on-board processors of a vehicle
executing certain software instruction. In accordance with a
preferred embodiment, a vehicle 100 can collect vehicle data
102 based on vehicle data that can characterize driver
intention and/or action 108. The vehicle data can include
both driver mput (e.g., steering angle, pedal depression,
etc.), sensor mformation (e.g., GPS location, camera data,
radar data, wheel speed, etc.), and timestamp 1nformation
associated with the data. The vehicle can store the vehicle
data on the vehicle itself and/or 1n cloud storage over a
communication network, such as the internet.

Based on the stored vehicle data, the system (either a
remote central server that 1s connected to the vehicle or the
onboard computer of the vehicle 1tself, among other possi-
bilities) can learn, identify, and predict a driving pattern 104.
For example, the data can be analyzed to create a model for
the driver associated with the vehicle data. In some
examples, the vehicle can identify the driver via user input,
biometric sensing, and/or other methods (e.g., fingerprint,
face recognition, key fob recognition, mobile device recog-
nition, etc.). Then, the vehicle data collected thereafter can
be stored 1n association with the driver’s identity and a
model can be created for that driver’s identity.

When the driver uses the vehicle at a later instance, the
driving pattern/model can be used to predict or anticipate
user-desired vehicle actions 110. The prediction can be
determined based on sensor data from the vehicle. For
example, when a driver returns to a previously visited
location, a model 1n accordance with the preferred embodi-
ment of the present mvention can determine that the driver
intends to perform similar actions 108 at that location as 1n
the past. The vehicle can then automatically carry out the
actions using advanced driver assistance features 106. For
example, the vehicle can automatically take a driver’s pre-
ferred exit on a freeway 1f the system recognizes that the
driver usually takes that exit over other options.

Additionally or alternatively, a vehicle according to the
present invention can trigger a notification informing the
driver of a commonly visited destination that 1s nearby. For
example, as a driver approaches a commonly visited coflee
shop, the vehicle can display a notification informing the
driver of the nearby coflee shop (e.g., the noftification
illustrated 1n FI1G. 2). In some examples, the notification may
only be triggered 11 vehicle data indicates that the driver does
not intend to stop at the commonly visited destination (e.g.,
perhaps the driver has forgotten about the destination and
needs a reminder). For example, if vehicle data indicates the
driver 1s approaching the destination without slowing down,
the vehicle may display the reminder notification. In various
embodiments, the notification can be displayed on a center
console display, dash display behind the steering wheel, or
head up display projected on the windshield. Additionally or
alternatively, a reminder may be delivered to the driver 1n
the form of an audio message.

FIG. 3 illustrates an exemplary method of recognizing a
driving pattern of a vehicle according to examples of the
disclosure. During a first time period, the vehicle can receive
(302) driver mput controlling the vehicle (e.g., steering

angle, pedal depression, etc.) and receive (304) first sensor
information from one or more sensors. Sensor information
can include a location of the vehicle obtained from GPS,
radar data, camera data, wheel speed, etc.

A vehicle and/or one or more remote systems according to
the preferred embodiment of the present invention can then
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recognize (306) a driving pattern based on the driver input
and the first sensor iformation. For example, the vehicle
and/or a remote system can store the driver input 1n asso-
ciation with one or both of the first sensor information and
a timestamp associated with the first time period. A driving
pattern may be recognized using statistical and machine
learning methods. In some examples, the pattern recognition
may be based on the principles that (1) a driver 1ntends to
perform the same actions whenever a particular location 1s
visited (e.g., taking a particular route, stopping at a particu-
lar coflee shop on the way to work, etc.) and/or (2) a driver
intends to perform the same actions at a particular time of
day (e.g., listening to the same radio station every morning,
taking a particular route 1n the morning vs. the evening, etc.).

In some examples, the vehicle can recognize an i1dentity
of a dniver of the vehicle (e.g., using fingerprint, face
recognition, key fob recognition, mobile device recognition,
etc.) and store the driving pattern in association with the
identity of the driver of the vehicle. For example, a first user
can be recognized by the vehicle and a driving pattern can
be stored 1n association with that user’s 1dentity. When that
user 1s recognized by the vehicle at a later time, the stored
driving pattern for that user can be loaded. If a different user
1s recognized, a different driving pattern may be loaded
and/or a new driving pattern may be created based on the
new user’s driving actions.

In some examples, recognizing the driving pattern can
include mapping location information received from sensors
of the vehicle. For example, a preferred destination may be
mapped and/or a preferred route to a destination may be
mapped. In some examples, the location information may be
used to supplement map data that does not include one or
both of the preferred destination and a route to the preferred
destination. For example, a private road may be mapped as
a route to a private garage and stored 1n association with the
driver’s identity. The system can store this information even
if the private road and the private garage are not routes or
destinations 1 map data such as public map data. In some
examples, the personalized mapping data may be used to
trigger actions such as navigation on a private road or
automatically opeming a private garage door as the driver
approaches.

During a second time period, the vehicle can receive (308)
second sensor information from one or more sensors and, 1n
accordance with the second sensor information matching the
first sensor information in the driving pattern, trigger (310)
an action based on the driver mput during the first time
period.

For example, the action may be triggered 1n accordance
with a current time being within a predetermined interval of
the timestamp associated with the first time period (e.g., on
a different day). That 1s, the vehicle may automatically
trigger an action that was performed by the driver at the
same time on a different day.

In some examples, triggering the action may include
displaying a notification on a display of the vehicle (e.g., the
notification 1illustrated by FIG. 2). In some examples, the
notification may be triggered to anticipate an action the
driver might make. For example, a reminder of a commonly
visited destination may be triggered as the driver approaches
the destination but before the driver arrives.

In some examples, the notification may be triggered only
when 1t becomes clear that the driver 1s not taking the action
(e.g., 1f the driver forgot about a commonly visited destina-
tion, a reminder may be triggered). For example, the vehicle
may receive additional driver input controlling the vehicle
during the second time period. The vehicle may determine
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that the additional driver input during the second time period
does not match the driver input during the first time period
(e.g., the user 1s not braking to slow down at the commonly
visited destination). In such a case, the vehicle may trigger
the notification 1n accordance with determining that the
additional driver mput during the second time period does
not match the dniver mput during the first time period.

In some examples, triggering the action may include
actuating one or more actuator systems of the vehicle
independent of corresponding driver input during the second
time period. For example, triggering the action may include
automated driving and/or driving assistance such as control-
ling the steering, adjusting the gas, adjusting the brake, etc.,
without the driver manually actuating such controls. Further,
actuating one or more actuator systems of the vehicle during
the second time period may correspond to at least a portion
of the driver input during the first time period. For example,
the triggered action may include automatically controlling
the vehicle to replay driver input from a previous session,
such as driving on a preferred route at a preferred speed.

In some examples, triggering the action may include
configuring one or more climate or infotainment systems of
the vehicle. For example, the infotainment system may be
automatically tuned to a preferred radio station or a pre-
terred playlist associated with the time of day (e.g., a
preferred radio station for the morning commute vs. a
preferred radio station for the evening commute). In some
examples, the vehicle may not automatically turn on the
audio, but 1f the user presses a power button to turn on the
audio, the vehicle may automatically select preferred con-
tent based on the recognized pattern. Similarly, climate
controls may be automatically set based on a recognized
pattern, location, time of day, outdoor temperature, etc.

FIG. 4 illustrates a system block diagram of a vehicle
according to examples of the present mmvention. Vehicle
control system 500 can perform any of the methods
described with reference to FIGS. 1-3. System 500 can be
incorporated 1nto a vehicle, such as a consumer automobile.
Other example vehicles that may incorporate the system 500
include, without limitation, airplanes, boats, or industrial
automobiles. Vehicle control system 500 can include an
on-board computer 510. On-board computer 510 can include
storage 512, memory 516, and a processor 514. Processor
514 can perform any of the methods described with refer-
ence to FIGS. 1-3. Additionally, storage 512 and/or memory

516 can store data and instructions for performing any of the
methods described with reference to FIGS. 1-3. Storage 512
and/or memory 516 can be any non-transitory computer
readable storage medium, such as a solid-state drive or a
hard disk drive, among other possibilities. The vehicle
control system 500 can also include a controller 520 capable
ol controlling one or more aspects of vehicle operation.

In some examples, the vehicle control system 500 can be
connected to (e.g., via controller 520) one or more actuator
systems 530 in the vehicle. The one or more actuator
systems 530 can include, but are not limited to, a motor 531
or engine 532, battery system 533, transmission gearing 534,
suspension setup 335, brakes 536, steering system 537 door
system 338, and lights system 344. Based on a recognized
driver pattern, the vehicle control system 3500 can control
one or more of these actuator systems 530.

In some examples, the vehicle control system 500 can
include one or more sensors 20 including, but not limited to:

an accelerometer 22 to determine the rate of acceleration
of the vehicle:
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a steering angle sensor 24 to determine the angle of the
steering wheel as measured from a neutral position 1indicat-
ing that the front wheels of the vehicle are parallel and
pointing straight forward;

a G or gravitational sensor 26 to determine the direction
of gravity relative to the plane of the vehicle chassis;

a yaw sensor 28 to determine the orientation of the chassis
with respect to direction of travel;

a speedometer 30 to determine the present speed of the
vehicle;

a ramn sensor 32 to determine whether the vehicle 1s
operating in the rain;

a suspension sensor 34 to determine the stifiness of the
suspension;

a voltage sensor 36 for measuring the battery voltage;

a current to measure 38 the current flow to or from the
battery sensor;

a GPS receiver 40 to recetve location information from
the GPS satellite system;

one or more cameras 42 both for external and internal
survetllance; and

a tachometer 44.

Data from the one or more sensors 20 may be tracked and
stored to create a user driving profile and/or to recognize a
driving pattern as described above.

Although examples of this disclosure have been fully
described with reference to the accompanying drawings, 1t 1s
to be noted that various changes and modifications will
become apparent to those skilled 1n the art. Such changes
and modifications are to be understood as being included
within the scope of examples of this disclosure as defined by
the appended claims.

The invention claimed 1s:

1. A non-transitory computer-readable storage medium
storing 1nstructions which, when executed by one or more
processors ol a vehicle, cause the vehicle to perform a
method of recognizing a driving pattern of the vehicle, the
method comprising the steps of:

during a first time period:

determining an identity of a driver of the vehicle by
recognizing one or more of first biometric data, a first
image of a face, a first key fob, and a first mobile
device;

receiving driver mput data for controlling the vehicle,

recerving first sensor information, the first sensor infor-
mation comprising first location information, from
one or more sensors of the vehicle;

recognizing a driving pattern based on the identity of
the driver, the driver mput and the first sensor
information;

storing private location information including a loca-
tion of a private road associated with the identity of
the driver; and

during a second time period after the first time period:

determining the 1dentity of the driver of the vehicle by
recognizing one or more of second biometric data, a
second 1mage of the face, a second key fob, and a
second mobile device;

receiving second sensor information, the second sensor
information comprising second location information,
from the one or more sensors of the vehicle; and

in accordance with the second location mformation
matching the first location information 1n the driving
pattern, triggering an action based on the driver input
data received during the first time period, wherein
recognizing the driving pattern includes storing the
driver mput data in association with the identity of
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6

the driver and one or both of the first sensor infor-
mation and a timestamp associated with the first time
period, and wherein triggering the action includes
supplementing public map information with the pri-
vate location information including the location of
the private road and opening a private garage door
associated with the identity of the driver of the
vehicle.

2. The non-transitory computer-readable storage medium
of claim 1, wherein the action 1s triggered 1n accordance
with a current time being within a predetermined interval of
the timestamp associated with the first time period.

3. The non-transitory computer-readable storage medium
of claim 1, wherein triggering the action includes displaying
a notification on a display of the vehicle.

4. The non-transitory computer-readable storage medium
of claim 3, the method further comprising the steps of:

recerving additional driver input controlling the vehicle

during the second time period; and
determiming that the additional driver input during the
second time period does not match the driver input
during the first time period, wherein the action 1is
triggered 1n accordance with determining that the addi-
tional driver mnput during the second time period does
not match the driver input during the first time period.
5. The non-transitory computer-readable storage medium
of claim 1, wherein triggering the action includes actuating
one or more actuator systems of the vehicle independent of
corresponding driver input during the second time period.
6. The non-transitory computer-readable storage medium
of claim S, wherein actuating one or more actuator systems
of the vehicle during the second time period corresponds to
at least a portion of the dniver input during the first time
period.
7. The non-transitory computer-readable storage medium
of claim 1, wherein triggering the action includes configur-
ing one or more climate or mnfotainment systems of the
vehicle.
8. The non-transitory computer-readable storage medium
of claim 1, wherein recognizing the driving pattern includes
mapping the location information.
9. The non-transitory computer-readable storage medium
of claim 8, wherein mapping the location information
includes mapping a preferred route to a destination.
10. A vehicle, comprising:
One Or MOore Processors;
a memory storing instructions, which, when executed by
the one or more processors, cause the vehicle to per-
form a method of recognizing a driving pattern of the
vehicle, the method comprising the steps of:
during a first time period:
determining an identity of a driver of the vehicle by
recognizing one or more of first biometric data, a first
image of a face, a first key fob, and a first mobile
device;

receiving driver input data for controlling the vehicle;

receiving lirst sensor information, the first sensor infor-
mation comprising first location information, from
one or more sensors of the vehicle;

recognizing a driving pattern based on the identity of
the driver, the driver mput and the first sensor
information;

storing private location information including a loca-
tion ol a private road associated with the identity of
the driver; and

during a second time period after the first time period:
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determining an identity of a driver of the vehicle by
recognizing one or more of second biometric data, a
second 1mage of the face, a second key fob, and a
second mobile device;

receiving second sensor information, the second sensor
information comprising second location information,
from the one or more sensors of the vehicle; and

in accordance with the second location information
matching the first location information 1n the driving
pattern, triggering an action based on the driver input
data received during the first time period, wherein
recognizing the driving pattern includes storing the
driver mput data in association with the identity of
the driver and one or both of the first sensor infor-
mation and a timestamp associated with the first time
period, and wherein triggering the action includes
supplementing public map information with the pri-
vate location information including the location of

the private road and opening a private garage door
associated with the identity of the driver of the
vehicle.

11. The vehicle of claim 10, wherein the action 1s trig-
gered 1n accordance with a current time being within a
predetermined interval of the timestamp associated with the
first time period.

12. The vehicle of claim 10, wherein triggering the action
includes displaying a notification on a display of the vehicle.
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13. The vehicle of claim 12, the method further compris-
ing the steps of:

recerving additional driver input controlling the vehicle

during the second time period; and

determining that the additional driver mput during the

second time period does not match the driver input
during the first time period, wherein the action 1is
triggered 1n accordance with determining that the addi-
tional driver mnput during the second time period does
not match the driver input during the first time period.

14. The vehicle of claim 10, wherein triggering the action
includes actuating one or more actuator systems of the
vehicle independent of corresponding driver input during the
second time period.

15. The vehicle of claim 14, wherein actuating one or
more actuator systems of the vehicle during the second time
period corresponds to at least a portion of the driver input
during the first time period.

16. The vehicle of claim 10, wherein triggering the action
includes configuring one or more climate or infotainment
systems of the vehicle.

17. The non-transitory computer-readable storage
medium of claim 1, wherein triggering the action further
includes navigating on the private road.

18. The non-transitory computer-readable storage
medium of claim 1, wherein the action 1s triggered based on
the 1dentity of the driver of the vehicle.
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